Searching PAJ Page 1 of 1 



PATENT ABSTRACTS OF JAPAN 

(1 1 )Publication number : 1 1-233239 

(43)Date of publication of application : 27.08.1999 



i . 

(51)lnt.CI. 




H05B 3/14 
F23Q 7/00 




(21 Application number 


: 1 0-038262 


(71)Applicant 


: JIDOSHA KIKI CO LTD 


(22)Date of filing : 


20.02.1998 


(72)lnventor : 


TANAKA ARIHITO 








SAKURAI CHIHIRO 








MIURATOSHITSUGU 








AOTA TAKASHI 



(54) CERAMIC HEATER, CERAMIC GLOW PLUG, AND THEIR MANUFACTURE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To prevent the crack initiation of a metal W wire even in a hot 
press which is low cost and a high temperature by setting the wire diameter to a 
prescribed value or less, having the shape of a crystal grain constituting a heating wire 
where the ratio of the longitudinal grain diameter to the radial grain size shows anisotropy 
in a prescribed range, and by setting the radial grain size to a prescribed value or more. 
SOLUTION: The wire diameter of a heating wire is &phiv;0.4 mm or less, the shape of the 
crystal grain has an anisotropy showing the ratio R of the longitudinal grain size (L)/the 
radial grain size (T) is 1.5-100, and the radial grain size (T) is 5 pm or less. High molten 
metal having tungsten and molybdenum therein as major components is preferable for the 
heating element. The lower limit value of the heating wire is &phiv;0.01 mm and the upper 
limit value of the diametrical grain size (T) of the crystal grain is 60 pm. A ceramic heater 
or a ceramic glow plug is formed by including the molybdenum silicide 5-25 vol.% to the 
ceramics and after treating the heating element by heat of 1900-3000°C beforehand, the 
heating element is integrally sintered with the ceramics. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

[Claim 1]ln a ceramics heater or a ceramic glow plug whose resistance heating element laid 
underground into ceramics is the exotherm of a refractory metal, while a wire size of the 
above-mentioned exotherm is less than phi0.4mm, A ceramics heater or a ceramic glow 
plug when shape of a crystal grain of this exotherm sets to longitudinal direction particle 
diameter (L) / diameter direction particle diameter (T) =R, wherein R is 1.5-100 and 
diameter direction particle diameter (T) is not less than 5 micrometers. 
[Claim 2]The ceramics heater according to claim 1 or a ceramic glow plug which carries out 
that 5-25 volume % content of molybdenum silicide is done to the above-mentioned 
ceramics with the feature. 

[Claim 3]A ceramics heater characterized by carrying out unification sintering of this 
exotherm with ceramics after performing heat treatment at 1900 ** - 3000 ** to exotherm of 
a refractory metal which is a resistance heating element, or a manufacturing method of a 
ceramic glow plug. 

[Claim 4]The ceramics heater according to claim 3 characterized by performing heat 
treatment after carrying out coiling of the above-mentioned exotherm and forming in a coil, 
or a manufacturing method of a ceramic glow plug. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the lnvention]This invention relates to the ceramics heater which preheats the 
secondary combustion chamber and combustion chamber of a diesel power plant or 
ceramic glow plugs, and those manufacturing methods. 
[0002] 

[Description of the Prior Art]The conventional ceramics heater carries out embedding of the 
tungsten wire (it abbreviates to W line hereafter) which is a resistance heating element into 
silicon nitride (Si 3 N 4 ) ceramics, and is manufacturing it by carrying out unification 

calcination with a hotpress. However, when a hotpress is performed at the elevated 
temperature over 1700 **, the surface of W line by which embedding was carried out may 
be cracked. The ceramics heater which this crack generated caused the first stage 
resistance increment, the resistance increment and open circuit of subsequent energization 
generation of heat which originated in crack growth repeatedly occurred further, and there 
was a possibility of becoming a product function top problem. Since the above-mentioned 
crack tends to have generated the thing which has a small wire size of W line, the usable 
wire-size range was limited, the design flexibility of W line heating element was low, and it 
was difficult to respond to an extensive voltage demand or shape restrictions. 
[0003]ln order to control the crack development of W line in the above-mentioned ceramics 
heater, there are the following two kinds of methods. 

(a) How to optimize the sintering aid to add and make hotpress temperature a low 
temperature of 1700 ** or less. 

(b) How to use the outstanding alloy of ductility, such as a Re-W line, instead of W line as a 
resistance heating element 

Use of a rare earth system sintering aid has been becoming the mainstream recently, and 
since the temperature which can be sintered is generally a not less than 1800 ** elevated 
temperature, a method (a) is difficult for hotpress temperature to be 1700 ** or less. In order 
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that according to the method (b) silicon nitride ceramics and a rhenium (Re) might produce 
an active reaction and might generate Re silicide of a low melting point, there were 
restrictions that hotpress temperature could not be made high. Although this Re-W alloy 
generally has a small temperature coefficient of resistance compared with W (tungsten) and 
it is suitable for use in the two coil type autogenous control type ceramic glow plug etc. 
which are used combining a brake coil, When using it by an one coil type self-saturation 
type ceramic glow plug, coexistence of a saturation temperature and rapid generation of 
heat was difficult. 

[0004]As other measure methods for the crack of the above-mentioned resistance heating 
element, the art which coats the surface of a metal W line with an inorganic compound is 
proposed by JP,61-179084,A or JP,7-135068,A. However, since a coating layer dropped 
out easily very easily, it exfoliated easily in handling of W line, embedding to ceramic 
powder, and the process of press forming. Since a crack would occur in that portion and 
this method would become a fatal obstacle on a product function if at least only one 
exfoliation of a coating layer arises, process control was difficult, the manufacturing cost 
also became high and it was difficult to put in practical use. 

[0005]The ceramic glow plug or ceramics material which used inorganic electrically 
conductive ceramics as the heater element for the above reason instead of using a metal W 
line as a resistance heating element is proposed by JP,4-257615,A and JP,1-317170,A, for 
example. The glow plug indicated to JP,4-257615,A, Mo 3 Si 3 C is used for the ceramics 

material which laid the 1st heating element by electrically-conductive-ceramics material, 
such as conductive sialon, under the tip side, and was indicated to JP,1-317170,A as a 
conductive SERAMMIKKUSU material. 
[0006] 

[Problem(s) to be Solved by the lnvention]However, generally, since the coefficient of linear 
expansion was high compared with silicon nitride ceramics, the complicated process was 
required for inorganic electrically conductive ceramics according to the ceramic glow plug 
using inorganic electrically conductive ceramics, in order to make both coefficient of linear 
expansion agree in utilization. That is, processes, such as addition of the charge of 
coefficient-of-linear-expansion improvement material by the side of structure ceramics and 
control of the dispersion state to the silicon nitride ceramics of an inorganic conductive 
material, were required. There were problems, such as side effects which the fall of the 
yield and the addition ingredient to structure ceramics cause. When fabricating inorganic 
electrically conductive ceramics as a resistance heating element, complicated processes, 
such as injection molding and screen-stencil, were needed, and it was disadvantageous in 
cost. 

[0007]The artificers of this application found out wholeheartedly that the crack development 
mechanism of the above-mentioned metal W line was the crack governed by embrittlement 
resulting from the primary recrystallization by which it is generated at 1650 ** - 1900 ** as a 
result of research. That is, it turned out that the metal W line exposed to the above- 
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mentioned temperature at the time of a hotpress will be in a very weak state, and a crack 
occurs with the heat stress which is a subsequent cooling process and originated in the 
difference with a coefficient of linear expansion with the surrounding silicon nitride 
ceramics, since recrystallization was generated one by one inside from the surface, it 
became clear that depend for the length of this crack on the primary recrystallization depth 
of a metal W line greatly, and it does not depend for this primary recrystallization depth on a 
wire size, but it was greatly influenced by this crack as a thin wire size since it is about 1 
law. An object of this invention is to provide the ceramics heater with which cost can deter 
[ in / it is cheap and / the hotpress in an elevated temperature ] the crack development of a 
metal W line or ceramic glow plugs, and those manufacturing methods based on the above- 
mentioned knowledge. 
[0008] 

[Means for Solving the Problem]ln a ceramics heater or a ceramic glow plug whose 
resistance heating element in which a gist of this invention was laid underground into 
ceramics is the exotherm of a refractory metal, When a wire size of the above-mentioned 
exotherm is less than phi0.4mm and shape of a crystal grain of this exotherm sets to 
longitudinal direction particle diameter (L) / diameter direction particle diameter (T) =R, R 
has the anisotropy of 1.5-100, and diameter direction particle diameter (T) is in a ceramics 
heater or a ceramic glow plug which is not less than 5 micrometers. As the above- 
mentioned resistance heating element, a refractory metal which makes tungsten (W), 
molybdenum (Mo), etc. a subject is preferred. Niobium (Nb), hafnium (Hf), iridium (Ir), etc. 
can be used besides the above-mentioned element. A lower limit of a wire size of exotherm 
is phiO.OImm, and upper limit of diameter direction particle diameter (T) of a crystal grain is 
60 micrometers. In 5-25 volume % content, one of the embodiments of this invention is a 
ceramics heater or a ceramic glow plug carried out about molybdenum silicide at the 
above-mentioned ceramics. Another gist of this invention is in a ceramics heater which 
carries out unification sintering of this exotherm with ceramics, or a manufacturing method 
of a ceramic glow plug, after performing heat treatment at 1900 ** - 3000 ** for exotherm of 
a refractory metal which is a resistance heating element beforehand. After another mode of 
this invention carries out coiling of the above-mentioned exotherm and forms it in a coil, it is 
the method of performing heat treatment at 1900 ** - 3000 **, and ranking second and 
carrying out unification sintering of this exotherm with ceramics. 
[0009] 

[Embodiment of the lnvention]Be!ow, an embodiment of the invention is described in detail. 
Drawing 1 is a flow chart which shows the manufacturing process of the ceramics heater 
concerning this invention. First, wire drawing of the metal W line used as a resistance 
heating element is carried out, coiling is carried out, and it fabricates to coil shape. 
Subsequently, after performing 1900-3000 ** heat treatment to this coil, embedding is 
carried out into ceramic powder and press forming of this ceramic powder is carried out. 
And after degreasing, a hotpress is carried out at 1650-1900 **. By the above-mentioned 
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heat treatment, as shown in drawing 2 , the shape of the crystal grain 1 of a metal W line 
has the anisotropy prolonged in the longitudinal direction. It is based on the effect of the 
dope material added by the metal W line, advance of the crack 2 is barred by the shape 
change of this crystal grain 1, and this anisotropic tissue controls a resistance increment. 
On the other hand, when not heat-treating, as shown in drawing 3 , become the crystal form 
of several micrometers - 10 micrometers in diameter homaxial shape according to the 
temperature up to 1650 ** - 1900 ** at the time of a hotpress, but. In the shape of this 
crystal grain 1, it is in the state where the crack 2 generated in the grain boundary 3 is 
transmitted, and tends to spread this grain boundary 3, and it is presumed that the crack 2 
is advanced easily. It is thought that the anisotropic tissue of the crystal grain 1 which heat- 
treated at 1900 ** - 3000 ** once, and was prolonged in the longitudinal direction controls 
advance of the crack 2, without changing at all in a subsequent hotpress (1650 ** - 1900 
**). 

[0010]lf it gives in the stage of the strand of a metal W line, when the above-mentioned 
heat treatment cannot finish bearing a wire rod at the stress in a subsequent coiling 
process and obtains the shape as a resistance heating element, it will produce restrictions. 
On the other hand, it not only does not have an effect, but after a hotpress, the crack has 
already occurred and it cannot heat-treat across the heat-resistant limit of surrounding 
ceramics. Therefore, it is preferred between a coiling process and a hot pressing step to 
carry out the above-mentioned heat treatment. If heat treatment temperature makes this 
less than 1900 **, the ductility recovery accompanying the secondary recrystallization 
cannot expect an effect of it not being enough and controlling advance of a crack. Although 
there is only a method by energizing heating practically, heat treatment at the temperature 
over 3000 ** is unsuitable, in order that there may be many things to disconnect during 
energization or they may cause a resistance increment after a hotpress. Therefore, 1900- 
3000 ** of heat treatment temperature is preferred. As heat treating time, 0.5 minute - 60 
minutes are preferred. It is because recrystallization is insufficient, and the fault that 
embrittlement of a wire rod will be promoted will occur if the fault that the target crystal form 
is not acquired arises and it exceeds 60 minutes when this heat treating time is less than 
0.5 minute. The schematic diagram inside the ceramic glow plug concerning this invention 
is shown in drawing 4 . The periphery of this ceramic glow plug 4 is covered with the 
terminal cap 5, the tubed pipe 6 is inserted in the inside of the terminal cap 5, and the 
ceramics 7 further formed in that inside cylindrically are allocated. The lead part 9 which is 
the conductor connected to the coil 8 and this coil 8 of the metal W line which is a 
resistance heating element is laid under the inside of these ceramics 7. 
[0011] 

[Example][Example 1] Y 2 0 3 was used for the metal W line whose wire size is phi0.20mm 
considering silicon nitride ceramics (Si 3 N 4 ) as a resistance heating element as a sintering 
aid as ceramics. After heat-treating in 1500-3300 ** on this metal W line, embedding was 
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carried out into silicon nitride ceramics, and the hotpress was carried out at 1900 **. After 
this, the rate of a resistance increment of the above-mentioned metal W line and a crystal 
grain diameter are measured, and it collects at given heat treatment temperature of a metal 
W line, and is shown in Table 1. Here, among crystal grain diameters, the particle diameter 
of L and a diameter direction was set to T, and L/T was set to R for the particle diameter of 
the longitudinal direction. This table 1 shows that the range of 1900-3000 ** heat treatment 
temperature fulfills the conditions of diameter direction particle diameter (T) >=5micrometer 
and R= 1.5-100 among the heat treatment temperature of a metal W line. 
[0012] 
[Table 1] 
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[0013][Example 2] Subsequently, Y 2 0 3 was used for the metal W line whose wire size is 

phi0.20mm considering silicon nitride ceramics (Si 3 N 4 ) as a resistance heating element as 

a sintering aid as ceramics. After heat-treating in 1500-2200 ** on this metal W line, 
embedding was carried out into silicon nitride ceramics, and the hotpress was carried out at 
1900 **. The rate of a resistance increment of the above-mentioned metal W line and a 
crystal grain diameter are measured, and it collects at given heat treatment temperature of 
a metal W line, and is shown in Table 2. This table 2 shows that the range of 1800-2200 ** 
fulfills the conditions of diameter direction particle diameter (T) >=5micrometer and R= 1.5- 
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100 among the heat treatment temperature of a metal W line. 

[0014] 

[Table 2] 
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[0015][Example 3] The rate of a resistance increment of a metal W line when it does not 
give with the time of heat-treating on the metal W line of various wire sizes, and the rate of 
a resistance increment after repetition of those heating cooling cycles were measured. 
Here, Y 2 0 3 and aluminum 2 0 3 were used for the metal W line whose wire size is phi0.05- 

phi0.20mm considering silicon nitride ceramics (Si 3 N 4 ) as a resistance heating element as 

a sintering aid as ceramics. After heat-treating at 2200 ** on this metal W line, embedding 
was carried out into silicon nitride ceramics, and the hotpress was carried out at 1700-1900 
**. Subsequently, the rate of a resistance increment of the above-mentioned metal W line is 
measured, and it divides at a given hotpress temperature with the wire size of W line, 
collects, and is shown in Table 3-6. That is, Table 3 shows the rate of a resistance 
increment at the time of performing 2200 ** heat treatment to a metal W line, and Table 4 
shows the rate of a resistance increment when not heat-treating on a metal W line to this. 
Table 5 performs 2200 ** heat treatment to a metal W line, the rate of a resistance 
increment at the time of repeating 10000 times of heating cooling cycles is shown, and 
Table 6 shows the rate of a resistance increment at the time of repeating 10000 times of 
heating cooling cycles to this, without heat-treating on a metal W line. 
[0016] 
[Table 3] 



http://www4.ipdl.inpit.go jp/cgi-bin/tran_web_cgi_ejje?atw_u=http%3A 0 /o2F%2Fww... 12/22/2009 



JP, 1 1 -23 3 23 9, A [DETAILED DESCRIPTION] Page 7 of 1 0 



WIS (22001: ©* v h "/ ^ t^ttS^ ^ it &Sf/tifi^ 

Si,N« (fe&ftra Y 2 0 3 516%, AI2O3 4fifi%) 



* y h^l/^M 


0 0.05mm 


£0. 10mm 


0 0.15ram 


00.20mm 


1700 t 


1.4 


1.1 


1.0 


1.0 


1800 T 


1.4 


1.1 


1.0 


1.0 


i90or 


1.4 


LI 


u 


1.0 



[0017] 
Fable 4] 
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[0018] 
[Table 5] 
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[0019] 
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[0020]Although the difference in the rate of a resistance increment by each wire size is lost 
not much and less than phiO.IOmm especially is satisfactory by performing 2200 ** heat 
treatment to a metal W line in Table 3, in Table 4. When the wire size became less than 
phiO.IOmm, the rate of a resistance increment became large, and especially in hotpress 
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temperature, the rate of a resistance increment resulted in infinity, i.e., an open circuit, in 
1900 **. In Table 5, by performing 2200 ** heat treatment to a metal W line, the rate of a 
resistance increment after 10000 heating cooling cycle repetition, The difference in the rate 
of a resistance increment by each wire size was lost not much, and although less than 
phiO.IOmm especially was satisfactory, when the wire size became less than phiO.IGmm, at 
all the hotpress temperature, the rate of a resistance increment resulted in infinity, i.e., an 
open circuit, in Table 6. Therefore, the conventional fault that the wire size of a resistance 
increment will be large by the metal W line not more than phiO.Imm, and an open circuit will 
arise easily by performing 2200 ** heat treatment to a metal W line repeatedly [ heating 
cooling ] was solved thoroughly. By this invention, embedding became possible also by the 
metal W line which has a phiO.OSmm wire size, and manufacture of the product which can 
also bear the high-tension specification which was not able to be manufactured 
conventionally was attained. 

[0021][Example 4] Oxidation resistance is excellent and the result examined in combination 
with the rare earth sintering aid (for example, yttria, ytterbia, vanadia) in which an usable 
thing is known for an elevated temperature is shown in Table 7. 
[0022] 
Fable 7] 
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[0023]As ceramics this table 7 silicon nitride (Si 3 N 4 ) ceramics, Use a metal W line as a 

resistance heating element, and Y 2 0 3 is used as a sintering aid of ceramics, After 

performing 2200 ** heat treatment to the above-mentioned metal W line and carrying out 
embedding to ceramic powder, About what carried out the hotpress at the temperature of 
1700-1900 **, the measured value of the rate of a resistance increment of a metal W line 
when 10000 times of heating cooling cycles are repeated, and the thickness of the oxidizing 
zone of ceramics is shown. Since the hotpress in 1900 ** was not made conventionally, 
when this sintering aid was used, could not demonstrate original oxidation resistance, 
without relative density fully going up, but might say that oxidation of W line was advanced 
and disconnected through the continuation stoma from the surface, but. By this invention, 
the hotpress in 1900 ** became possible and manufacture of the outstanding ceramics 
heater of elevated-temperature oxidation resistance was attained. 

[0024][Example 5] Mo silicide (MoSi 2 ) is added to silicon nitride (Si 3 N 4 ) ceramics, and the 
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rate of a resistance increment when the metal W line of a still thinner wire size is used as a 
heater is shown in Table 8 as a comparative example. 
[0025] 
[Table 8] 
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[0026]As Mo silicide is represented by MoSi 2 , the coefficient of linear expansion is 8.25x10" 

It has a larger value than 3.40x1 0" 6 /** of silicon nitride (Si 3 N 4 ), and 4.6x1 0" 6 /** of W. 

By adding in the range (below 25 volume %) in which the continuous path of Mo silicide is 
not formed, it is possible to ease the heat stress generated among both by becoming 
possible to bring the coefficient of linear expansion of ceramics close to the value of a metal 
W line. The effect of the rate control of a resistance increment by these addition appears in 
Table 8. On the whole, it turns out that the rate of a resistance increment falls, so that the 
addition of MoSi 2 increases. However, it is appropriate to serve, to suit and to choose the 

addition of ** et al. and MoSi 2 in the range of 5 - 25 volume % with total performances, such 

as intensity and oxidation resistance. Although the rate of a resistance increment of the 
metal W line whose wire size is phiO.OSmm which has not performed 2200 ** heat 
treatment was also shown in Table 8, to the addition of all MoSi 2 , the rate of a resistance 

increment is infinite and did not have an effect at all. This shows that addition of Mo silicide 

will not express validity without compounding with heat treatment. 

[0027] 

[Effect of the lnvention]ln the ceramics heater or ceramic glow plug whose resistance 
heating element laid underground into ceramics in this invention is the exotherm of a 
refractory metal as mentioned above, The wire size of the above-mentioned exotherm is 
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less than phi0.4mm, when the shape of the crystal grain of this exotherm sets to 
longitudinal direction particle diameter (L) / diameter direction particle diameter (T) =R, R is 
1.5-100, and diameter direction particle diameter (T) is not less than 5 micrometers. 
Therefore, advance of the crack generated in the above-mentioned exotherm is barred, and 
the effect of controlling a resistance increment is done so. 

According to one mode of this invention, 5-25 volume % content of molybdenum silicide is 
done at the above-mentioned ceramics, and if the shape of the crystal grain of exotherm is 
compounded with the conditions that R is [ 1.5-100, and diameter direction particle 
diameter (T) ] not less than 5 micrometers, the effect of controlling a resistance increment 
will be done so. Since according to another mode of this invention heat treatment at 1900 ** 
- 3000 ** is beforehand performed to the exotherm of the refractory metal which is a 
resistance heating element and unification sintering of this exotherm is carried out with 
ceramics, Even if the shape of the crystal grain of the above-mentioned exotherm becomes 
what was prolonged in the longitudinal direction and a crack occurs in exotherm, the 
advance is prevented and a resistance increment can be controlled. And without spoiling a 
coiling moldability, since according to another mode of this invention coiling of the above- 
mentioned exotherm was carried out and it formed in the coil, advance of the crack of 
exotherm is prevented and a resistance increment can be controlled. 



[Translation done.] 
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* 

* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1] lt is a flow chart which shows the manufacturing process of the ceramics heater 
concerning this invention. 

[Drawing 2] lt is a mimetic diagram in which showing the organization of the resistance 

heating element which heat-treated and whose magnification is 1000. 

[Drawing 3] lt is a mimetic diagram in which showing the organization of the resistance 

heating element which does not heat-treat and whose magnification is 1000. 

[Drawing 4] lt is a schematic diagram showing the inside of the ceramic glow plug 

concerning this invention. 

[Description of Notations] 

1 Crystal grain 

2 Crack 

3 Grain boundary 

4 Ceramic glow plug 

5 Terminal cap 

6 Pipe 

7 Ceramics 

8 Coil 

9 Lead part 



[Translation done.] 
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DRAWINGS 
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[Drawing 3] 
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[Drawing 4] 
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